Abstract. Search and rescue robots would benefit from versatile locomotion ability and hence cope with varying environments. Robot snakes, with hyperredundant body and unique gaits, offer a promising solution to search and rescue applications. This paper presents a portable design of robot snakes that can be controlled from commercial mobile devices like the smartphones. The control results are validated and demonstrated using hardware prototypes.
Introduction
Search and rescue robots are widely studied in recent years. In previous work, many robots have been developed to reduce the damage of disaster [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Intentions of using snake-like robots in search and rescue have attracted a lot of attention from the robotics community due to the locomotion capabilities that the bio-inspired robots can offer [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Many researchers investigated the structural design and motion planing, and the control system design for collecting information and dealing with the feedback [15] [16] [17] [18] [19] [20] . The aim of developing bio-inspired robot is to carry out bionics study and learn the features and functions of the animals, and through the mechanical and electronic devices to mimic and reproduce these functions. It combines biological function, mechanical principles, control technology and computational intelligence. Snakes have the characteristics of slim and legless body, low center of gravity, multiple redundancies, sealing structure. With different gaits, such as serpentine locomotion, concertina locomotion, side winding locomotion, snakes can adopt itself in various environments [1, 5, 14, 16] .
A snake-like robot has a hyper-redundant body which makes the design of its control system more challenging. To meet task requirements in a search and rescue scenario, a portable robot snake solution is proposed in this work that uses commercially available, compact mechanical, control and communication system designs. The proposed system has the controller implemented in a mobile APP to reduce cost and size. This allows the system to be portable, prevalent and used by non-professional operators in search and rescue operation.
The remainder of the paper is organized as follows: Section 2 presents design requirements of the robot snake within this work. Section 3 describes the mechanical and control system of the robot. Section 4 explains motion planning of the robot snake. Section 5 presents and discusses experimental results on a hardware prototype of the proposed system. Finally, Section 6 concludes the paper and gives perspectives of future work.
Development Goal
The goals of the portable snake-like robot designed for urban search and rescue are provided as follows:  Modularization. The robot should be composed of identical modules which makes it be easily assembled and disassembled.  Remote control. Snake-like robot can get rid of the shackles of cable which make it easy to hide in search task and reach a deeper position in rescue task.  Prompt feedback. The operator can use the collected information to adjust of the movements of the robot more easily and gather the required information.  Easy to operate. Non-professionals can quickly operate the snake-like robot so as to enlarge the range of applications.  Larger field of view. To gather more comprehensive information, the robot needs a larger vision to accomplish the task.
System Introduction
The snake-like robot in this paper is connected by 10 joints, and adopts portable control system platform, which includes WIFI module, camera, controller, battery, smartphone. The system structure is shown in Figure 1 .
Hardware Development
Hardware of the snake-like robot mainly includes wireless module and robot module. Wireless module is responsible for the communication between the client-side and snake-like robot. The client-side sent instructions to snake-like robot through wireless module. The snake-like robot sent video, audio and information of itself back to client-side through wireless module.
WIFI wireless network includes two kinds of topological form, Infra and Ad-hoc network. Infra network is based on the AP (wireless access point) and founded by AP and many STA (station, wireless network terminal). The characteristics of this type of network is that AP is the center of the whole network, all the communications
